1.) NN Homolysis Pathway Sub Reactions
A major part of our study investigated the sub-reactions of the NN homolysis pathway. We began studying these reactions before the results of NN homolysis finished; obviously the conclusion of the NN homolysis barrier negates the value of these sub-reaction barriers. Nonetheless, as these are commonly studied reactions in the literature, we list the results here in the Supplementary Information. We are also open-minded that perhaps an explicitly multi-reference wavefunction methodology might overturn our results. As of today, no such method exists which can reliably capture both static and dynamic correlation consistently as well as CCSD(T), but that day may yet come. Many multi-reference coupled cluster methodologies are in development that even go so far as including perturbative triples (references).
We consider two possibilities: a CN bond scission or a second NN homolysis.
Double NN Homolysis:
If one homolysis was good, two might be just fine. In Figure  S1 , we show the reaction path for a second homolytic nitramine cleavage. Obviously making a diradical structure is undesirable; a concomitant proton transfer allows the formation of a much more stable closed shell species. Note that the product of the reaction in Figure S1 is similar to the HONO elimination product in making a nitrogenous heterocycloalkene. The barrier to this reaction is rather small; if NN homolysis were the first step at STP conditions, this reaction would be easy to accomplish. Table S1 shows how cheap the reaction is, as well as the usual trend of the MBPT underestimation, CCSD overestimation relative to CCSD(T). In particular, we isolated a transition state structure that is axial/equatorial in nature, and hence this is the only logical comparison.
NN Homolysis into CN Bond Scission:
A subsequent CN bond scission results in a compound commonly known in the RDX literature as RDR-o, shown in Figure S2 . This isomerization has a very low barrier, as shown in Table S2 . The transition state formed is an axial-axial structure, and hence this is the relevant comparison. This provides a clear means of breaking the ringed structure and proceeding to exergonic reactions. 
2.) Reaction Energies
We list here the energies, enthalpies, and Gibbs energies for the various reactions in this paper. All units are in kcal/mol and are based on CCSD(T)/cc-pVTZ. We do not go through and list the MBPT(2) and CCSD values because none of the reactions have reactants or products which are significantly multi-reference, and thus one is reasonably confident that we need not check for convergence. Consequently, the CCSD(T)/cc-pVTZ value cuts to the chase. The MBPT(2) and CCSD values are available upon request. We list the reaction energies in the order that the occur in the paper. Sulfamine RDX C 6 0.44043500 0.08817200 -1.14175600 C 6 -0.07887100 -1.98324500 0.00885900 C 6 -0.44869500 0.12909500 1.14243400 H 1 -0.60986000 -2.60928500 -0.70871900 H 1 1.19468800 0.62754900 -1.71060000 H 1 -0.40522300 -0.13552600 -1.80325500 H 1 -1.16709000 0.72369900 1.70284700 H 1 0.37480800 -0.15149800 1.81027200 H 1 0.40774800 -2.63306300 0.73688300 N 7 0.94397800 -1.16832200 -0.64480600 N 7 -1.04116100 -1.08952800 0.64980800 N 7 0.02744500 0.89075300 -0.00152500 N 7 0.09336300 2.23030900 0.00054200 N 7 2.23769200 -1.19606200 -0.11631800 N 7 -2.33112000 -1.02297300 0.11449800 S 16 0.28517300 2.99789000 -1.45673100 S 16 3.11939700 0.19431100 -0.07409200 S 16 -3.00756300 -2.44706300 -0.37305100 S 16 -3.10597300 0.42977100 0.06375000 S 16 -0.02247900 3.00739900 1.46076700 S 16 2.80746500 -2.66576100 0.37310500
Sulfamine RDX HONO TS C 6 0.56819100 0.12792400 -1.10108200 C 6 -0.17778500 -1.95541300 -0.09830000 C 6 -0.48815700 0.13835700 1.09836900 H 1 -0.73046300 -2.46422600 -0.88920100 H 1 1.35139200 1.62130600 -1.68817600 H 1 -0.01281700 0.13317500 -2.02243600 H 1 -1.19526000 0.76580600 1.63680300 H 1 0.33445500 -0.14098500 1.76574900 H 1 0.22473800 -2.71201500 0.57752300 N 7 0.91118200 -1.15469800 -0.63624300 N 7 -1.10698800 -1.05361500 0.60262800 N 7 0.03415100 0.89196900 -0.05322000 N 7 0.18708800 2.19929800 0.03247900 N 7 2.18139800 -1.32195100 -0.03192700 N 7 -2.39070200 -0.93201000 0.06430700 S 16 0.89263400 2.92610000 -1.36371300 S 16 3.12095200 0.00689700 0.20134400 S 16 -3.12875400 -2.33834700 -0.37522800 S 16 -3.09309100 0.55562600 -0.04465700 S 16 -0.30386200 3.11740100 1.31688500 S 16 2.63096900 -2.85962800 0.35159700 Aminated RDX C 6 1.51263600 0.24187500 0.59068300 N 7 0.56443400 1.25819900 0.13842800 C 6 -0.78870000 1.14935200 0.61279600 N 7 -1.28152600 -0.20314300 0.35003800 C 6 -0.43648700 -1.27003600 0.88542000 N 7 0.90623300 -1.10386100 0.39323100 N 7 0.72597400 1.72687200 -1.19152300 N 7 -2.65393500 -0.38304500 0.52019600 N 7 1.17530200 -1.73110700 -0. 
4.) Reference SCF Wavefunctions used in MBPT(2) Geometry Optimizations
By default, a UHF wavefunction was used in all cases for MBPT(2) wavefunctions. However, in some cases, difficulty in convergence of either the geometry optimization or the reference SCF itself was observed. In these cases, we switched to an ROHF reference wavefunction. The following compounds used an ROHF rather than UHF wavefunction:
-AE form of RDR -RDR-o compound, the product in Figure S2 -Transition state of NN homolysis into a second NN homolysis, (TS of the reaction in Figure S1 ) Table 2 : Electronic Energies, Enthalpies, and Gibbs Energies of RDR Isomers (kcal/mol). Here, AA refers to axial-axial, AE refers to axial-equatorial, etc. The enthalpy and Gibbs energies use the MBPT(2)/cc-pVTZ partition functions and CCSD(T)/ccpVTZ electronic energies. We list energies to 0.1 kcal/mol for the sake of comparison of internal predictions to the method; we emphasize that the accuracy of the method is no better than what is discussed in the Computational Methodology section.
5.) RDR Energetics
We can see that upon consideration of the free energy, the AA form is much less stable, and EE dominates in RDR.
6.) Testing CCSD(T) in Overcoming Transition State Static Correlation
We now take an aside from the chemistry to examine, critically, whether we believe we have overcome the static correlation inherent to the transition states. The only reason not to trust CCSD(T)/CBS results, quantitatively, is if the static correlation (reflecting too many degeneracies in the single-particle SCF energy levels) is too high to be overcome with only up to perturbative triples excitations. We therefore examine the CCSDT/cc-pVDZ for a smaller model system. If the CCSD(T) and CCSDT numbers agree, it is much harder to argue that the perturbative triples calculation are diverging considering the much higher static correlation captured by full triples excitations. We now examine the HONO elimination vs. NN homolysis of 2-nitramine propane, shown in Figure 3 . The "arrow-pushing" mechanisms of 2-nitramine propane are analogous to that of the aforementioned RDX HONO elimination and NN homolysis. Obviously, the chemistry of 2-nitramine propane is not going to be the same as that of RDX; the latter has a ring structure with several electron withdrawing groups, whereas this one nitramine of 2-nitramine propane has electron donating methyl groups. The relevant feature is the convergence of MBPT(2), CCSD, and CCSD(T) to CCSDT. As the point of this aside is calibration orientated (testing convergence) rather than quantitative, we cheaply calculate the stationary state geometries of the potential energy surface for these reactions with M06 96 /cc-pVTZ. Table 7 gives the values of CCSDT/ccpVDZ calculations with varying references for the two reaction pathways (dropped core, spherical d functions, and same convergence criteria as before). In Table 7 , we demonstrate that the CCSD(T) calculation is well-converged to the CCSDT value; they are trivially different. As in RDX, we do see that the CCSD estimate is a bit off from the CCSD(T) value. Given the presence of an SCF instability, we present both the restricted and un-restricted calculation through CCSD(T) to show the lack of reference dependence as soon as one uses an infinite-order method like CCSD. This is in contrast to MBPT(2), which may diverge as a perturbation and exhibit greater reference dependence as in the NN homolysis barrier being very far away from the CCSD and CCSD(T) values. This gives us greater confidence in our RDX barriers for HONO-style mechanisms and NN homolysis-style mechanisms ("triple whammy" and NONO isomerization being so high in energy that they do not seem worthy of consideration).
There is also an interesting chemical insight to be had. 2-nitramine propane, which may be an acceptable small model for RDX, has chemistry that is very clearly different from RDX. The HONO mechanism is highly unfeasible compared to NN homolysis, whereas the situation is reversed in RDX. The biggest difference seems to be that 2-nitramine propane is not nearly as saturated with electron withdrawing groups, whose effect seems to be to make NN homolysis more favourable. It would seem that the electron deficient nitrogen radical is supported in 2-nitramine propane by the electron donating methyl groups, making the mechanism more favourable than HONO elimination. By contrast, in RDX, the electron deficient nitrogen radical does not have electron-donating groups around it (it has electron-withdrawing groups).
